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Abstract
Quasi-Riemannian theories of gravity have smaller gauge groups acting on the
tangent spacetime than the full Lorentz group. Among others, the spatial rota-
tion group can be gauged to obtain spacetime asymmetric gravity with general
covariance. We may introduce ‘spatial’ higher-derivative interactions exclusively to
improve ultraviolet behavior with unitarity.
General covariance deals with space and time on equal footing, so that invariant in-
teractions with space derivatives are accompanied by those with time derivatives. Hence
higher derivative kinetic terms imply higher time derivative ones, which results in unitarity-
violating perturbative modes dubbed ghosts.
When the vielbein is introduced (to cope with fermions), spacetime symmetry is usu-
ally maintained by imposing local Lorentz symmetry. However, general covariance does
not necessarily require the full Lorentz group as the gauge group. In fact, a subgroup of
the Lorentz group can be taken as a gauge group to construct a quasi-Riemannian theory
of gravity [1, 2] with general covariance intact.
In particular, the rotation group of spatial dimensions is a subgroup of the Lorentz
group. If we adopt it as the gauge group acting on the tangent spacetime, the space and
time may possibly be somehow independently treated without symmetry among them in
spite of general covariance.
Let eµA denote a vielbein with µ = 0, · · · , d the spacetime external index and A =
0, · · · , d the tangent spacetime index in (d+ 1) spacetime dimensions. The metric tensor
gµν is defined as gµν = ηABeµAe
ν
B with the Minkowski metric η
AB, though we do not
impose the full local Lorentz symmetry. The index A can be restricted to a spatial index
a = 1, · · · , d to obtain an internal spatial vector eµa together with an internal scalar e
µ
0
,
both of which are external spacetime vectors with the index µ.
Under the local rotation symmetry, the kinetic terms with two time derivatives of the
corresponding quasi-Riemannian gravity with dynamical variables eµA can be obtained [2]
with several invariant terms in addition to the Einstein-Hilbert term. Higher derivative
terms contain higher time derivatives due to general covariance.
The spacetime derivative ∂µ is contracted with the vielbein e
µ
A (except for the com-
pletely antisymmetric invariant tensor) to form invariants for general covariance. We
can restrict ourselves to use only eµa to contract the derivative ∂µ such as e
µ
a∂µ for higher
derivative terms. On the other hand, such invariant combinations as eµ
0
∂µ may be confined
in the two-derivative terms.
Although the resulting higher derivative terms still contain the time derivative e0a∂0,
they are harmless for perturbative unitarity because of general covariance. Namely, we
can adopt an axial gauge e0
0
= 1, e0a = 0 to eliminate the problematic time derivatives
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(with the corresponding ‘Gauss law constraints’). The remaining dynamical variables
consist of ei
0
and eia with the index i = 1, · · · , d the spatial part in the spacetime index µ,
which need no negative kinetic terms in contrast to the usual case with the local Lorentz
invariance.
Spatial higher derivative kinetic terms serve to improve ultraviolet behavior in per-
turbative field theories [3]. Renormalizable theories of gravity have already been sought
along such lines without general covariance [4]. In the present quasi-Riemannian theories
of gravity, even under general covariance, renormalizability may be achieved with local
dynamical degrees of freedom. If so, the comparison with the Einstein gravity is of interest
at large length scales after renormalization.
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